Abstract: The paper discusses the issue of the admixtures' effect on results of granulometric composition determinations by Casagrande's areometric method in modification by Prószyñski. An experiment was conducted involving preparation of samples with known granulometric composition and determination of their composition by means of the aerometric method. Three types of samples were prepared: base (control), containing organic matter, and containing carbonates. Results of the determinations showed a considerable effect of the admixture of organic matter and calcium carbonate on the accordance of determinations, depending on their percent content. The study results also confirmed known dependencies of disturbances in proportions between the sandy and silty-clayey fraction. A practical conclusion from the research is the determination of the threshold of the organic matter and carbonates percent content at which the determination should be absolutely preceded by processes of mineralisation and decalcification.
INTRODUCTION
Research on the soil granulometric composition is one of the basic analyses performed by pedologists (Bartkowiak 2011 , Lasota et al. 2014 , Musztyfaga and Kaba³a 2015 , geologists (Frankowski and Grabowski 2006, Lejzerowicz and Wysocka 2016) , as well as physical geographers (Sewerniak 2008 , Szymañ-ski and Skiba 2007 , Braun 2010 . The determination of the contribution of particular ranges of grain sizes is among the basic characteristics of soil analyses (Drzyma³a and Mocek 2004 , Ró¿añski 2010 , Braun 2011 . The granulometric composition determines physical properties of the soil (Zawadzki 1999 , Brogowski et al. 2014 . Due to the importance of this parameter, sizes of fraction classifications, as well as division of soils into granulometric groups have been continuously developed (Polish Soil Classification 2011) .
The determination of the grain composition of formations is a multi-aspect issue. Therefore, a number of methods of its determination have been developed, based on different assumptions, among others centrifugation method, pipette method, Atterberg's method, and flow-based method (Ry¿ak et al. 2009 ). They are various, and their number is still increasing, following the achievements of technique. The number of applied methods of grain composition analyses is estimated for approximately 400 (Loveland and Whalley 2001) . Automated methods currently gain popularity. They employ electronic equipment and computing power offered by computers (among others the method of spectroscopy with photon correlation and method using the phenomenon of laser diffraction). In addition to modern methods, methods with methodical assumptions developed a long time ago and considered universal by many researchers are relatively commonly applied (Orzechowski et al. 2014) . One of them is Casagrande's areometric method commonly used in Polish soil studies (Gworek et al. 2000 , Konecka-Betley 2009 , Licznar et al. 2009 , Kaba³a et al. 2010 . The author of the method is Bouyoucos, but because Cassagrande introduced numerous modifications, the method is named after him. Archival results of granulometric analyses obtained by the areometric method are the primary information on grain composition in soil-agricultural maps and their annexes.
The version of the areometric method applied in Poland was developed by M. Prószyñski and is more than 50 years old (Prószyñski 1949) . The author did not explain the methodical aspects and the way of performing the determination in detail. Part of the procedure is based on certain traditions of performing measurements. The basic problem in the method is the determination of the variability of the density of the particle deposition medium, depending on the variable grain size composition of formations. It can result from the natural variability of shares of particular HUBERT WARZYÑSKI, AGNIESZKA SOSNOWSKA, ANDRZEJ HARASIMIUK* size ranges of mineral grains or presence of admixtures such as carbonates, organic matter, iron compounds, etc. The objective of this paper should also be perceived in this context. It involves the determination of the effect of the content of organic matter and calcium carbonate on the credibility of determination of grain size composition by means of Casagrande's areometric method in modification by Prószyñski.
STUDY MATERIALS AND METHODS
The effect of organic and carbonate admixtures on the determination of grain size composition was analysed through conducting controlled experimental measurements with the application of samples with known granulometric composition and secondary samples developed by adding specified amounts of organic matter and carbonate admixtures. They were subject to grain size composition analysis by means of Casagrande's areometric method in modification by Prószyñski, and by means of the sieve-weight method. The results were compared to control samples (not containing admixtures).
The analyses involved a new classification of granulometric fractions (Polish Soil Classification 2011). The exceedance of the threshold of 1 mm, original for Prószyñski's method (subfraction of very coarse sand 2.0-1.0 mm) was related to the presence of the fraction of coarse sand in the areometric analysis. Part of the laboratories still restrict Prószyñ-ski's method to a range below 1 mm, some of them expanded the analysis by the aforementioned range. The effect of an additional portion of rapidly deposited soil particles on the deposition of dust and silt particles can be linked to the effect of sand as such (time of deposition of very coarse sand amounts to several seconds). For fractions of sand, irrespective of areometric analysis, the sieve-weight method should be applied. The effect of very coarse sand can be manifested in a certain change in sedimentation conditions, but the key methodical issue in the areometric method is the determination of the effect of the finest fractions on the coarser ones, as presented in Pró-szyñski's charts, ordered by variable contents of the finest fractions.
The experiment was divided into two stages: preparation of material and samples, and proper measurement by means of the areometric method. First, fractions of sand with known subfraction content were prepared for testing (Table 1) . Quartz was selected as sample material. It is the least chemically active, quite durable, and simultaneously natural material. Sand was dried and divided into subfractions by means of sieves. The process employed a shaker and a set of sieves (with mesh: 2, 1, 0.5, 0.25, 0.1, 0.05 mm). The shaking time amounted to approximately 10 minutes. In order to fraction the material as accurately as possible, manual sieving was also performed on sieves with predefined grain diameters. Such prepared material provided the basis for the 
Grain size composition of prepared samples
In all of the prepared samples, the weight content of sand and silty-clayey fraction remained in an unchanged proportion. They differed in terms of content of admixtures. In addition to the determined ratio between grain of the sandy and silty-clayey fraction, also the percent contribution of the sandy material itself and fractions within silt and clay was determined. This permitted qualifying samples to particular granulometric groups ( Table 2) . Each of the 15 samples within the following groups: control, with organic matter, and with calcium carbonate -included 6 corresponding with the granulometric group of loose sand, 2 -sand, 2 -loamy sand, 2 -sandy loam, 2 -loam, and 1-silt loam. The selection of subfractions was the result of the analysis of their contribution in the most common soils of Poland. Hence the proportions correspond with particular and natural formations determined based on the Atlas of Polish Forest Soils (Bro¿ek and Zwydak 2010) .
Granulometric groups' determination of the analysed formations is only of informative importance. The determination of the groups employed sand corrections. The cause of the considerable dilemma in the determination of granulometric groups was the discrepancy between the content of sand resulting from the preparation of the sample and content resulting from the performed analysis by means of the aerometric analysis with sand correction and application of the sieve-weight method for sand fractions (ex post). In this case, the latter solution was adopted in order to permit referring the analysed samples to other analyses. Samples representing particular granulometric groups were classified as if no experiment was conducted.
STUDY RESULTS AND DISCUSSION
As was already mentioned, the basic problem in the areometric analysis is the effect of the variable density of the medium on particle deposition. It concerns the most evidently particles with greater grain diameters deposited among particles with smaller diameters forming a medium with variable density (suspension). Due to the long time of remaining in the suspension of so-called floating particles The second group were samples with an admixture of organic matter mixed with the clay and silt fraction. Organic matter was obtained from the humus horizon of Brunic Arenosol. The sampled material was dried and sieved through a sieve with a mesh of 1 mm. Then it was boiled for part of organic matter soluble in water to remain in the suspension separated from mineral sediment remaining on the bottom. The suspension was subject to the evaporation process and sieved through a sieve with mesh below 0.05 mm. The content of organic carbon in the suspension amounted to 41.8% according to Tiurin's method (37.8% by means of the loss of ignition method). Measurements of organic carbon contentwere performed in three repetitions in accordance with the methodology (Przewodnik metodyczny 1999, Ostrowska et al. 1991) .
The third group were samples with calcium carbonate. They were formed by adding to the sand fraction the clay and silt fractions originating from loess. After drying, the obtained material was ground in a mortar, and then sieved through a sieve with mesh 0.05 mm. The content of calcium carbonate was determined by means of Scheibler's method, and the result averaged from three repetitions amounted to 9.174% (Bednarek et al. 2005) .
(< 0.02 mm in diameter), based on their content and in supplementation of colloidal clay (diameter below 0.002 mm), M. Prószyñski (1949) constructed charts referring to the basic granulometric groups. Their basic function is the determination of the deposition's time of large particles, because the smallest particles falling in the surrounding of a "clear" water medium have relatively uniform conditions of deposition. In the conducted experiment concerning the effect of organic matter and calcium carbonate, representing particles from the smallest size ranges, the effect of such admixtures will also be manifested in a change in the conditions of larger particles' deposition -sandy fraction. The consequence was the application of a bi-polar system expressing the ratio between the content of sand fractions on the one hand, and the supplementing accumulated content of silt and clay fractions on the other. It would seem that results of the measurements of control samples with predefined content of fractions analysed by means of the areometric method should adjust to the predefined proportions of the percent distribution of particular fractions. It turned out that the determination of their grain size composition by means of the areometric method deviated from the predefined values (included in Table 2 ). An earlier, similar experiment showed that the areometric method is the most useful in the case of samples in which the analysed fractions are smaller than 0.1 or 0.25 mm in diameter (Cholewa 2013) . Analysing the entire fraction range of sand, silt and clay fractions, the occurrence of considerable deviations between the predefined proportions and results of the aerometric analysis was therefore expected. The issue of the organic matter and carbonate admixture's impact on the effects of measurements was related to adding highly dispersed substances increasing the density of the medium for the falling sandy particles. Organic matter also had a substantial effect on the mineral particles rate of deposition, particularly the largest ones, due to its low density in comparison to the mineral composition of the soil. The assumed density of the mineral composition was 2.65 g·cm -3 , and organic matter -1.1 g·cm -3 (Zawadzki (ed.) 1999). Carbonate admixture increased the density of the water medium through partial transition to solution and an increase in the concentration of the finest particles in the suspension. The obtained results of measurements by means of an areometer were compared with values of samples prepared by weight. This provided the basis for the calculation of the difference in percent points (p.p.) between the predefined contents of fractions and control samples (with no admixtures) and samples with organic matter and carbonate admixtures.
All measurements were performed in three repetitions. This provided the basis for the determination of the repeatability of obtained results (variability coefficient). The greatest variability of measurements concerned control samples. The variability coefficient for this group amounted to 1.72%. Measurements of samples with organic matter showed variability at a level of 1.34%, and with carbonates only 1.18%. The obtained results did not differ significantly. Measurements in the control group were performed first, and those for samples containing carbonates last. No effect of admixtures on the repeatability of measurements was recorded. Only a slight variability was observed within particular fractions. It ranges from 1.13% for the third measurement (threshold grain diameter 0.02 mm) to a maximum of 1.7% for the fourth measurement (threshold grain diameter 0.005 mm). Due to the small differences, it cannot be determined whether any of the measurements shows higher variability than the remaining ones. Surprisingly, the first measurement (threshold grain diameter 0.1 mm), considered the most difficult due to the very short time (a dozen seconds), was characterised by variability at a level of only 1.43%. Random error of the areometric method in the course of the performed measurements can therefore be determined at a level of 1-2% of read values (notice that it is not equivalent to the determination of relative error). The variability of results of determinations in the case of a single sample below 2% suggested due diligence in the performance of determinations. It permits neglecting minor random errors and focusing on several times larger differences systematic in character, genetically related to the essence and assumptions of the method.
Analysis of results
In control samples -no admixtures (Fig. 1) , an increased content of sand fractions in comparison to the determined composition occurred in 9 out of 15 cases, covering samples with a content of the siltyclayey fraction higher than 13%. In the range of silt and clay content of 13-20%, the overrepresentation od sand resulting from aerometric measurements was limited to 2 percent points. In the case of a higher content of silt and clay (more than 20%) -the overrepresentation successively increased to 11 percent points). A pattern was therefore determined that the more silty-clayey fraction is contained in a sample, the more overrepresentation of the sand fraction is recorded (Table 1) . In four cases representing more sandy samples (loose sand or sand), with a total of the silt and clay content up to 6%, results of measurements showed a deficiency of the sand fraction FIGURE 2. Differences between areometric measurements and predefined contents of the sandy and silty-clayey fraction for samples with organic matter (Fig. 1) . The deviation from the actual state in the samples is not very high. It does not exceed 2 p.p. The smallest measurement errors were observed for samples with a content of the siltyclayey fraction from 6 to 13%.
In samples with organic matter (Fig. 2,  Table 2 ), the ratio of the sandy fraction to the silty-clayey fraction is similar as in the case of control samples. In samples with a higher content of sand, results of measurement by means of an areometer provided overestimated values of the finest fraction, and in silty samples an increased content of the sand fraction was observed. In comparison to control samples, a shift of the overrepresentation of silty-clayey and sandy fractions was observed. The excess of the silt and clay fractions occurs in samples with a content of the sand fraction above 85%. The range of the overrepresentation reaches 3 percent points (for a sample with a content of the sand fraction of 98%). The research confirmed the effect of the organic matter content on the state of the medium in which sedimentation od particles occurs resulting in the underestimation of coarser (sandy) fractions falling slower, in denser suspension, with prolonged times characteristic of finer fractions. In the case of sandy fractions, the addition of organic matter itself (the finest fractions of colloidal clay) translates into an increase in the content of fine fractions. In this case, results of the measurements considerably differ from the predefined proportions due to the addition of organic matter. Content of silt and clay fraction Measurement error for fraction in percentage points sandy fraction silt and clay fraction FIGURE 1. Differences between areometric measurements and predefined contents of the sandy and silty-clayey fraction in control samples contain organic matter. This is a different result than expected.
In the case of samples containing calcium carbonate, in 13 out of 15 of them, overestimation of the content of the sandy fraction was observed in comparison to the predefined grain size composition (Fig. 3, Table 2 ). An admixture of carbonates caused underestimation of the contribution of sandy fractions by 2 p.p. only in relation to sandy samples. An addition of carbonate has a more uniform effect than an addition of organic matter. Practically throughout the range of the analysed contents, along with an increase of the contribution of the silty-clayey fraction (containing calcium carbonate), a gradual increase in the overrepresentation of the sandy fraction up to 7 percent points was observed for samples with a negligible contribution of the sandy fraction. A reversal of the tendency occurred in the case of a sample with a content of silt and clay of 2% (Fig. 3) . This may be the coagulating effect of calcium carbonate. The deviation of the obtained values from the determined grain size composition is almost twice lower than in control samples or samples with organic matter. In laboratory practice, a greater importance should be placed on the removal of organic matter from samples than carbonates. The procedures of application of the areometric method developed in particular centres assume the removal of both organic matter and carbonates before proper measurement (e.g. Wroc³aw centre -University of Life Sciences). Paradoxically, an addition of calcium carbonate compensates for the error of the areometric method itself related to the overestimated amount of the sand fraction, particularly for silt samples. (Table 3 ). In samples with the lightest composition (up to 8% of the silt and clay fractions -5 samples), differences in underestimations and overestimations of aerometric determinations in comparison to the experimentally predefined contributions were not significant. They were both positive and negative, but they did not exceed 1.5 p.p., which can be qualified as the specificity of the method. In this group of samples, the maximum content of organic matter amounted to 3.3%, and carbonates -0.73%. The effect of admixtures was negligible.
Analysis of the impact on admixtures in granulometric groups
In the case of samples with sand and loamy sand grain composition, the differences, particularly for samples with organic matter, were significant. The greatest disproportion occurred for fraction 0.05-0.02 mm (on average -4.6 p.p.) and for the clay fraction <0.002 mm (on average + 6.14 p.p.). For samples with calcium carbonate, the differences are again very low, not exceeding 1.5 p.p. For sandy loam, loamy, and silt, the tendencies are identical as in the group described earlier. For samples with organic matter, aerometric measurements show a deficiency of fraction 0.05-0.02 mm (on average -11.73 p.p.) and excess of fraction below 0.002 mm (on average +20.13 p.p.). For other fractions, the differences amount to more than 2 percent points. It is worth emphasising that the difference in the contribution of the silty fraction increases almost in a linear way depending on the content of organic matter in the sample (Fig. 4) . Undoubtedly, however, for samples containing more than 5% of organic matter, errors are too large to be ignored.
Among samples containing calcium carbonate with a composition corresponding with sandy loam, loamy, and silt, differences were determined in the content of fractions amounting to 3 percent points. For samples with the highest content of carbonates (of more than 5%), the contribution of fractions larger than 0.05-0.006 mm grows, and decreases for fractions below 0.006 mm (in particular below 0.002 mm). For the "most" carbonate sample (8.72% calcium carbonate), the deficiency of silt amounted to 7.66 p.p. This confirms that calcium carbonate contributed to an increase in grain diameter through coagulation. Due to this, at a value of more than 5% of calcium carbonate, the areometric analysis should not be conducted without decalcification.
The high correlation of the controlled content of organic matter and measured content of the silty-clayey fraction, with the assumption that the entire humus is included in colloidal clay, suggests an almost 80% identification of the humus as clay (the remaining more than 20% is the silt fraction). Should we additionally assume that the mineral part of samples also contains the clayey fraction, the underestimation of humus will prove even greater. It is difficult to unambiguously explain this dependency. In addition to the mismatch of the method itself with the identification of samples with organic matter, the correlations can also be explained by combining particles of humus with mineral particles representing silt and clay, therefore increasing the size of grains and consequently the rate of deposition. Such a phenomenon would prove unusually effective in the case of adding information on the already mentioned more than twice lower density of organic matter than mineral matter, which causes longer persistence in the suspension than that of analogical mineral particles. Therefore, the effectiveness of combining of organic matter with mineral particles must be even higher than would result from the earlier analysis.
The analytical procedures were completed with controlling the sand fraction by the sieve method after areometric determinations. In this case, the same method was applied to control the predefined contributions of sand before and after the areometric analysis (Table 4 ). It turned out that analytical procedures were not neutral towards the stability of contributions of larger fractions. Apart from one case, a decrease in the contributions of sand after boiling, multiple stirring, etc. was observed. The very coarse sand fraction (2-1 mm) showed a relatively small deviation from the predefined value (within +/-0-1.5 p.p.). The coarse sand fraction (1-0.5 mm) was characterised by a considerably higher difference, often exceeding 5 p.p. For medium sand (grain diameter 0.5-0.25 mm), a loss was recorded, lower than in the case of coarse sand (for 4 out of 45 samples its maximum amounted to 5 p.p.). For all samples, the contribution of coarser grains decreased. This may result from measures performed while preparing the samples. Grains combined in aggregates could be retained on sieves or be subject to physical (and/or chemical) destruction during the analytical procedure (particularly during mixing of cylinders -each sample was stirred several times). Coarser grains certainly collided and could fall apart into smaller ones. This is particularly confirmed by an increased content of the fine sand fraction (0.25-0.1 mm). In samples with organic matter, the organic sand fraction showed no considerable deviations from the actual state. The differences did not exceed 1.5 percent point. In the case of samples with calcium carbonate within the coarse fraction (very coarse sand), a loss exceeding even 5 p.p. was observed. In the case of the coarse sand fraction, its content increased for 14 out of 15 samples with carbonates. This may suggest the development of carbonate capsules on grains and aggregates.
The effect of the analysed changes expressed in a decrease in the content of the sand fractions further strengthens the overrepresentation of sands in a transition to heavier granulometric groups.
The presented amounts of losses (up to 5%) shed some light on the possibility of preparation of samples for areometric analysis, after earlier sieving of the sand fractions. Measurements by an areometer become more stable in that case, because firstlythey are performed after more than half a minute (first measurement for a substitute diameter of 0.05 mm, in the case of sieving sands above 0.1 mm) or after 10 min (in the case of sieving sands with a substitute diameter higher than 0.05 mm), and secondly -the fractions subject to the aerometric analysis would have long stable times of deposition. The results of the conducted experiments, however suggest retaining of a part of the silt and clay fractions on the sieves, artificially leading to the overestimation of the contributions of sand determined before the areometric analysis. The entire process of sample preparation for and during the areometric analysis facilitates further, more precise sieve analysis of sand fractions. Moreover, preparation of a sample devoid of sand fractions for areometric analysis when it contains e.g. 10% silt and clay requires sieving of almost 0.5 kg of soil. Guidelines related to the selection of a particular scenario in the discussed problem would require further experiments focusing on this issue.
CONCLUSIONS
Based on the performed experiment, it was determined that the admixture of organic matter and calcium carbonate considerably affects the accuracy of measurements of the grain size composition by means of Cassagrande's areometric method in modification by Prószyñski, particularly through: -overestimation of the sand fraction content of the sand fraction, for samples containing more siltyclayey fraction, -overestimation of the content of the silty-clayey fraction, particularly for samples containing more sandy fraction, 
